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Abstract
Long-term glucocorticoid (GC) therapy is frequently indicated to treat autoimmune and chronic inflammatory diseases in 
daily clinical practice. Two of the most devastating untoward effects are bone loss and fractures. Doses as low as 2.5 mg of 
prednisone for more than 3 months can impair bone integrity. Population at risk is defined based on the dose and duration 
of GC therapy and should be stratified according to FRAX (Fracture Risk Assessment Tool), major osteoporotic fracture, 
prior fractures, and bone mineral density values (BMD). General measures include to prescribe the lowest dose of GC to 
control the underlying disease for the shortest possible time, maintain adequate vitamin D levels and calcium intake, maintain 
mobility, and prescribe a bone acting agent in patients at high risk of fracture. These agents include oral and intravenous 
bisphosphonates, denosumab, and teriparatide.
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Introduction

Glucocorticoid (GC) therapy is widely used in daily clinical 
practice to treat several diseases, such as chronic arthritis, 
systemic lupus, polymyalgia rheumatica, allergies, chronic 
pulmonary entities (asthma, emphysema), and inflammatory 
bowel diseases, among others. Most frequent prescribers are 
internal medicine specialists, rheumatologists, general/fam-
ily practitioners, gastroenterologists, pulmonologists, and 
dermatologists.

GC is associated with several untoward effects, such as 
fluid retention, body fat redistribution, hyperglycemia, dys-
lipidemia, cataracts, and bone loss with an increased risk of 
fractures that has been reported to occur with doses as low 
as 2.5–7.5 mg of prednisone or equivalent daily for more 
than 3 months. This increased risk of fractures occurs at 
higher bone mineral density (BMD) values than occur in 
postmenopausal osteoporosis.

High risks of fractures are related to older age and prior 
fragility fractures. General measures include to assure an 
adequate calcium intake (1000–1200 mg/day), levels of 
vitamin D > 30 ng/ml, maintain mobility, prescribe the low-
est GC dose for the shortest time to control the underlying 
disease and prevent falls. Risk assessment based on the clini-
cal evaluation, bone mineral density (BMD), fracture risk 
factors, and FRAX will define the need of pharmacologi-
cal interventions. In this review, we will discuss all these 
concepts.

Epidemiology

GCs are frequently used for the treatment of a variety of 
inflammatory and autoimmune diseases. A meta-analysis 
showed that 3% of the population aged 50 years or more 
have ever been treated with GCs, and this percentage 
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increases to 5.2% among those who are 80 years old and 
older [1]. In the Global Longitudinal Study of Osteoporosis 
in Women, a multinational population-based observational 
study of 60,393 postmenopausal women who had visited 
their primary care practice within the preceding 2 years, up 
to 3.1% were currently treated with oral GCs [2]. GC therapy 
induces bone loss, and is associated with an increased risk 
for vertebral and nonvertebral fractures [3].

Bone loss starts within months after initiating GC treat-
ment, and is more pronounced in trabecular bone, which is 
predominantly present in spine and ribs [3, 4]. Earlier studies 
have demonstrated that GC-induced bone loss is biphasic, 
with a rapid initial phase of 3–5% in the first year of GC 
use, followed by a slower phase of 0.5–1.0% bone loss per 
year during continued GC therapy [5–7]. Besides the adverse 
effects of GCs on bone mass, the underlying disease for 
which GCs were prescribed may also contribute to bone loss.

In a meta-analysis of data from 42,500 men and women, 
previous or current GC use was associated with an increased 
risk of fractures at all ages, from 50 years old upwards, and 
was similar between men and women [1]. The increased 
fracture risk during GC therapy was demonstrated to be 
dose dependent, and is increased even with low doses of 
prednisolone (2.5–7.5 mg daily) [3, 8, 9]. Van Staa et al. 
demonstrated that hip fracture risk is 1.77 [95% confidence 
interval (CI) 1.55–2.02] times increased in patients taking 
a standardized daily dose of 2.5–7.5 mg prednisolone, ris-
ing to 2.27 (1.94–2.66) times increased at doses of 7.5 mg 
daily or greater [8]. The relative risk of vertebral fractures is 
particularly increased during GC therapy, ranging from 1.55 
(1.20–2.01) in patients using less than 2.5 mg prednisolone 
daily rising to 5.18 (4.25–6.31) in those using 7.5 mg daily 
or greater [8]. After initiation of GC therapy, a rapid onset 
of the increased risk for fractures has been reported. A large, 
population-based cohort study in adults aged < 64 years 
from the United States demonstrated an increase in frac-
ture incidence [incidence rate ratio 1.87 (1.69–2.07)] within 
30 days of initiation of GC therapy [10], which underlines 
the importance of initiating anti-osteoporotic therapy when 
prescribing GCs.

Fracture risk in GIOP also depends on cumulative GC 
dose; a recent study from Denmark demonstrated that a 
cumulative GC dosage ≥ 1000 mg is more strongly asso-
ciated with fractures compared with a smaller cumulative 
dose (< 1000 mg) [11]. For hip fractures a 60% increased 
risk was observed for cumulative GC dosage ≥ 1000 mg 
(adj. OR 1.64 [95% CI 1.54–1.74]) while a cumulative dos-
age < 1000 mg was associated with a 30% increased risk 
(adj.OR 1.28 [95% CI 1.14–1.44]). The risk for symptomatic 
vertebral fractures was 2.5-fold increased for cumulative GC 
dosage ≥ 1000 mg (adj.OR 2.57 [95% CI 1.49–2.17]) while a 
1.8-fold increased risk for cumulative GC dosage < 1000 mg 
(adj.OR 1.80 [95% CI 2.30–2.87]) was demonstrated [11].

Most studies demonstrating an association between GC 
use and fracture risk were performed in subjects receiving 
chronic daily oral GC therapy, but an increased fracture risk 
has also been reported from patients on intermittent high-
dose oral GC treatment [12].

After discontinuation of GC therapy, fracture risk 
decreases gradually towards baseline, and it is; therefore, 
supposed to be partially reversible [12]. However, a residual 
increased risk remains, which might be related to the under-
lying disease for which GC therapy was initiated, which is 
most frequently a chronic systemic inflammatory disorder, 
and might result from previous GC therapy. Previous stud-
ies have demonstrated that even slightly increased levels of 
systemic inflammation are associated with increased bone 
loss and may in turn increase fracture risk [13].

GIOP and the associated increased occurrence of frac-
tures are a major public health problem, causing functional 
impairment, mortality, and significant costs. A recent study 
on costs of adverse events related to GC use in patients 
with rheumatoid arthritis established an incremental cost 
of $3,201 per fracture at cumulative doses greater than 
1800 mg [14].

Pathogenesis of GIOP: novel insights

Direct effects of glucocorticoids on bone

In recent years, several studies have provided more insight 
into the mechanisms involved in the development of GIOP, 
including increased apoptosis of mature osteoblasts and 
osteocytes, impaired differentiation of osteoblasts, and 
an increased lifespan of osteoclasts [15] (see Fig. 1). The 
increased apoptosis of osteoblasts leads to reduced bone 
formation and an impaired response to bone damage, which 
may lead to reduced bone strength [16]. GCs suppress the 
Wnt signaling pathway, which plays an important role in 
bone metabolism and especially in osteoblastogenesis. 
Recent animal in vivo and in vitro studies demonstrated a 
central role of the Wnt pathway in the pathogenesis of GIOP. 
Wnt16 expression is suppressed by GCs in a time-dependent 
and dose-dependent manner [17], while overexpression of 
Wnt16 partly protects against GC-induced bone loss [18].

GCs suppress the Wnt signaling pathway by increasing 
the production of Wnt pathway inhibitors, such as dick-
kopf-1 (Dkk-1) and sclerostin [19, 20], leading to decreased 
osteogenesis and an impaired capacity to bone regeneration 
[21]. In addition, inhibition of DKK-1 reduces the GC-
induced suppression of osteoblast differentiation [22]. Fur-
thermore, a high dose of GCs was demonstrated to induce 
a shift from mesenchymal stem cells, the precursor cells 
of osteoblasts, to differentiate towards adipocytes instead 
of osteoblasts [23]. In contrast to the increased apoptosis 
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of osteoblasts and osteocytes, the lifespan of osteoclasts 
is extended during GC therapy due to an upregulation of 
receptor activator for nuclear factor-κB ligand (RANKL) 
and suppression of osteoprotegerin (OPG) [24], which may 
be associated with impaired osteoclast function.

In the last few years, more insight has been gained in the 
role of the Notch signaling pathway in the pathogenesis of 
GIOP. The Notch pathway consists of four transmembrane 
receptors that control the differentiation of osteoblasts and 
other cell lines. Recent studies demonstrated that GCs sup-
press the expression of Notch target genes in osteoblasts, 
which leads to reduced bone formation [25, 26]. Interestingly, 
the effect of GCs on the Notch pathway was demonstrated to 
be dose dependent in experimental studies. Osteoblast cul-
tures exposed to physiological GC doses showed increased 
osteoblast viability, whereas high dose GCs induced osteo-
blast apoptosis [27]. Moreover, another animal study demon-
strated GCs specifically induce bone loss at the femoral head 
and not at the distal femur, this finding was suggested as an 
explanation for the development of avascular necrosis of the 
femoral head in association with GC therapy [28].

Indirect effects of GCs on bone

Apart from direct effects on osteoblasts, osteocytes, and 
osteoclasts, GCs have indirect effects on muscles, calcium 
metabolism, and bone mass. An adverse effect of GC therapy 

on muscle mass and muscle strength has been demonstrated 
in an early study [4]. GC-induced muscle atrophy is attributed 
to both increased muscle protein breakdown and decreased 
muscle protein synthesis, which is supposed to result from 
inhibition of insulin-like growth factor I, a muscle anabolic 
growth factor, and by stimulating muscles to produce the mus-
cle catabolic growth factor myostatin [29]. The reduced mus-
cle mass and muscle strength associated with GC use has been 
related with poor structural bone parameters, decreased bend-
ing strength, and impaired balance, which in turn indirectly 
increase the risk for fractures by enhancing fall risk [30].

In addition, GCs impair bone metabolism by inhibition of 
the intestinal calcium absorption and by inhibiting the renal 
tubular calcium reabsorption, which may lead to hypocal-
cemia and subsequently hyperparathyroidism [31]. Further-
more, GCs were demonstrated to impair bone mineralization 
by transrepression of osteocalcin and collagen, two impor-
tant bone matrix proteins [32].

Risk assessment and candidates 
for pharmacologic therapy

GC therapy is associated with multiple risk factors for osteo-
porosis and fractures, including substantial effects on BMD, 
alterations in bone quality that are not detected by DXA scan 

Fig. 1  Mechanisms glucocorticoid action in bone cells
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and increased falls risk. The fracture risk depends on the 
GC dosage, the duration of therapy and cumulative dosage 
[33–36].

An initial baseline evaluation of the fracture risk is rec-
ommended when oral glucocorticoid therapy was consid-
ered for 3 months or longer. In most guidelines, the daily 
glucocorticoid dose for intervention threshold is generally 
7.5 mg daily of prednisolone or equivalent. In the absence 
of a baseline evaluation, the fracture risk assessment should 
be performed as soon as possible, preferably within the first 
6 months of starting the glucocorticoid treatment, and the 
risk must be reassessed periodically [35, 37, 38].

The initial fracture risk assessment should include a full 
clinical history including the dose and duration of glucocor-
ticoid therapy, evaluation of previous low-energy fractures, 
evaluation of falls, alcohol intake, smoking, height loss, sec-
ondary causes of bone loss, family history of osteoporosis, 
and hip fracture. Other risk factors and comorbidities should 
be assessed and ensure adequate calcium intake and correct 
vitamin D deficiency [37, 38].

Vertebral fracture assessment (VFA) or lateral spinal 
X-ray is recommended to assess vertebral deformities by 
the International Society for Clinical Densitometry when 
glucocorticoid therapy equivalent to ≥ 5 mg of prednisone or 
equivalent per day for ≥ 3 months is indicated [39]. However, 
we must consider that at any time in patients with GIOP who 
start anti-osteoporotic treatment, the radiological study of 
the spine (antero-posterior and lateral) would help to identify 
pre-existing or incident vertebral fractures and it would also 
allow to identify additional pathology (e.g., osteoarthritis).

It is important to consider that fractures occur with 
a higher-than-expected BMD in glucocorticoid treated 
patients and bone loss does not fully explain the high frac-
ture risk observed in glucocorticoid treated patients. BMD 
has certain limitations as a risk fracture assessment tool due 
to bone microarchitectural impairment rather than a reduced 
bone density in glucocorticoid users [33–40].

Trabecular bone score (TBS) is a gray-level texture meas-
urement that can be applied to lumbar spine DXA images 
and provide an indirect quantified information of trabecular 
bone microarchitecture and has predictive value for frac-
ture independent of BMD [41]. Several cross-sectional and 
retrospective studies showed an association between TBS 
and daily glucocorticoid dose and TBS have a higher diag-
nostic accuracy than BMD for identifying glucocorticoid-
related fractures [42–44]. In addition, TBS also appears to 
discriminate the treatment effect of an anabolic versus an 
anti-resorptive agent in patients receiving glucocorticoids 
[45]. TBS in combination with BMD as a complementary 
measure, may be a useful tool to assess bone status in GIOP; 
however, TBS has no role in the identification of patients 
who should be treated, and further studies are needed to 

confirm the role of TBS in the treatment and monitoring 
of GIOP.

FRAX is a computer-based algorithm that calculates the 
risk of suffering fractures in the next 10 years (10-year prob-
ability) of a major osteoporotic fracture (hip, clinical spine, 
humerus, or wrist fracture) and hip fracture, based on the 
individual analysis of clinical risk factors with and without 
femoral neck BMD for each patient, among subjects who 
are at least 40 years of age. [46, 47]. The FRAX algorithm 
includes only a dichotomous variable for oral glucocorti-
coids (answer as yes or no) if patient is currently exposed 
to oral glucocorticoids or has been exposed for more than 
3 months at a dose of prednisolone of 5 mg daily or more (or 
equivalent doses of other glucocorticoids). However, FRAX 
does not consider treatment duration, dosage concurrently 
or other risk factors for fractures in glucocorticoids users 
such as the severity of the underlying inflammatory disease, 
vertebral deformities, or fall risk [34, 46, 48]. Another limi-
tation of the FRAX is the use of BMD at the femoral neck 
instead of at the lumbar spine, since GC have a more nega-
tive effect on trabecular bone in the spine [49].

FRAX may underestimate fracture risk in patients receiv-
ing higher doses and overestimate risk in those receiving 
lower doses of GC [50]. A modification of the FRAX algo-
rithm has been developed to assesses the possible impact of 
different doses of glucocorticoids. Patients receiving low 
dose prednisolone (< 2.5 mg daily or equivalent), the prob-
ability of major fracture is decreased by 20%, for medium 
doses (2.5–7.5 mg of prednisolone daily) no modification is 
necessary and unadjusted FRAX can be used. For high doses 
(> 7.5 mg of prednisolone daily), the fracture risk should be 
increased by about 15% [48].

Several national and professional societies guidelines for 
the prevention and management of GIOP are available, most 
of which are primarily aimed for postmenopausal women 
and men ≥ 50 years. Most guidelines address users of long-
term oral glucocorticoids (≥ 3 months), and although the 
daily threshold dose varies among guidelines, it has consist-
ently proposed a dose threshold between 5 and 7.5 mg daily 
of prednisolone or equivalent [37, 38, 50, 51].

BMD measurement is recommended in all patients start-
ing oral glucocorticoid therapy, but at least within 6 months 
after the initiation of therapy [49]. The BMD threshold 
for pharmacological intervention is generally a T score 
between − 1.0 and − 1.5. FRAX assessment has already 
been included in most guidelines at different steps for risk 
stratification and treatment decision. A common recom-
mendation in all guidelines in that bone-protective therapies 
should be started at the same time as GC therapy is initiated 
[36, 38, 51]

Most guidelines concern GIOP management in postmen-
opausal women and in men ≥ 50 years old, but there are no 
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tools available for the prediction of absolute fracture risk in 
patient younger than 40 years old and in children [38, 52].

The 2017 American College of Rheumatology (ACR) 
guidelines provides recommendations in accordance with 
a subject’s individual profile and categorizes patients into 
two groups by age (adults < 40 years and > 40 years of age), 
glucocorticoids status (initiating or continuing) and frac-
ture risk. For patient´s over 40 years, the risk is categorized 
as low, moderate, or high, by history of prior osteoporotic 
fracture (s), BMD, and 10-year fracture risk calculated by 
adjusted  FRAX® [38] (see Table 1).

In adults of 40 years of age ACR guidelines consider that 
there is a high risk of fracture if they had a prior osteo-
porotic fracture. The risk is moderate if they were expected 
to continue glucocorticoid treatment at ≥ 7.5  mg/day 
for ≥ 6 months and had either: a hip or spine BMD Z score 
of < − 3 or a rapid decline in hip or spine BMD equivalent 
to ≥ 10% in one year. Low fracture risk is considered when 
none of the above-mentioned risk factors other than GC 
treatment are present [38].

The recommendations between the different guides for 
bone-protective therapy have similarities but also some dif-
ferences. For postmenopausal women and men ≥ 50 years, 
the International Osteoporosis Foundation (IOF)-Euro-
pean Calcified Tissue Society (ECTS) recommends bone-
protective therapy in patients aged ≥ 70 years, those with 
previous fragility fracture or incident fragility fracture dur-
ing GC therapy, prednisolone dose > 7.5 mg/day, BMD T 
score ≤  − 1.5 or adjusted  FRAX® fracture probability above 
the intervention threshold of the general population. In pre-
menopausal women and men aged < 50 years bone-protec-
tive therapy is recommended when GC use ≥ 3 months plus 
fragility fracture [37].

Risk stratification of fractures (adults < 40 years) 

High Moderate Low

History of osteoporo-
tic fracture

Hip or spine Z 
score <  − 3 or

Rapid bone loss 
of ≥ 10% (at the 
hip or spine) over 
1 year and

Continuing GC treat-
ment of ≥ 7.5 mg/
day for ≥ 6 months

No of the above risk 
factors

Table adapted from reference [38]

The UK National Osteoporosis Guideline Group 
(NOGG) suggests bone-protective therapy for women and 
men aged ≥ 70 years old, with a previous fragility fracture, 
or those who are taking large doses of glucocorticoids 
(≥ 7.5 mg/day prednisolone). These guidelines also recom-
mend using the adjusted FRAX for assessing the risk in all 
other individuals [50].

As we have reviewed, there are similarities between the 
different guidelines, particularly regarding the dose of cor-
ticosteroids and the duration of treatment to recommend 
interventions, but risk stratification is different in some of 
these guidelines, particularly in the new ACR guideline risk 
stratification which is complex and very difficult to simplify 
(Table 2).

Table 1  American College of Rheumatology. Risk stratification of fractures (patients >40 years)

High Moderate Low

FRAX® (GC-adjusted): major osteoporotic fracture) ≥ 20% 10–19% < 10%
FRAX® (GC-adjusted: hip fracture ≥ 3% > 1 and < 3% ≤ 1%
BMD (hip or spine) T score ≤  − 2.5 in men ≥ 50 years and postmenopau-

sal women
+ − −

Prior fracture + − −

Table 2  Optimization of prevention of glucocorticoid-induced fractures

● Awareness and identification of GC-treated patients
● Adequate fracture risk estimation, including classical risk factors for osteoporosis, disease severity, and GC dosage
● Basic treatment: lifestyle factors, including lowest dosage of GC, optimal treatment underlying disease, adequate supply of calcium and vit D, 

exercise therapy, avoid smoking, and minimize alcohol intake
● Drug treatment: alendronate and risedronate as first-line therapy. Second line therapy: denosumab, zoledronic acid, and teriparatide in patients 

who fracture during first-line therapy or do not tolerate first-line therapy, and in patients with a remarkably high fracture risk as initial therapy
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Choices of pharmacological therapy 
in glucocorticoid‑induced osteoporosis

Bisphosphonates in GIOP

As stated above, chronic prednisolone use increases frac-
ture risk. Therefore, it is important to decrease the global 
burden of fracture risk in GC treated patients. Fracture 
risk management should involve both nonpharmacologi-
cal measures as pharmacological therapy. In general, 
all guidelines regarding GIOP agree that in GC treated 
patients with moderate to high risk for fractures bisphos-
phonates (BP) are first-line anti-osteoporotic drugs in pre-
venting new fractures [37, 38, 50]. Nowadays, oral BP are 
widely used in daily clinical practice and alendronate and 
risedronate are the most common used oral BP and have 
an anti-resorptive mode of action mainly by direct inhib-
iting effects on osteoclasts [53]. Some years ago, Allen 
et al. performed a Cochrane systematic review, including 
23 randomized trials and more than 2000 GIOP patients, 
on the efficacy of BP in GIOP as compared to calcium 
and vitamin D supplementation alone [54]. This study 
yielded an improvement of 3.5% [95% confidence inter-
val (CI) 2.9–4.1] in BMD at lumbar level in the patient 
group treated with BP for a year, while GIOP patients in 
the control groups had a deterioration of BMD of approxi-
mately − 3.2% (95% CI − 8.1 to 1.7%). The minority of the 
included studies had a longer follow-up than 12 months, 
as only nine studies looked for a follow up duration with 
a maximum of 2 years. Combining the results of these 
studies with a longer follow up, a sustained effect of BP 
on lumbar BMD level in GIOP patients with a calculated 
BMD increase of 5.5% (95% CI 3.5–7.5%) was observed.

The abovementioned studies were performed in placebo-
controlled design or in a design with calcium and vitamin 
D treated GIOP patients as controls. Nowadays, it is not 
ethical to treat GIOP without BP; therefore, modern studies 
must be performed with anti-osteoporotic medication like 
BP as active comparators. One of the landmark studies in the 
modern era in GIOP treatment is the Horizon trial, a 1-year 
randomized, double-blind noninferiority trial comparing 
the effectiveness of 5 mg zoledronic acid intravenous infu-
sion once yearly with oral risedronate with approximately 
415 patients in both treatment arms [7]. It was found that 
both zoledronic acid and risedronate increased BMD lev-
els at lumbar spine, but the rise in BMD at lumbar spine 
level was statistically significantly larger in the zoledronate 
group compared with the risedronate group. Hence, zole-
dronic acid is at least noninferior in preventing bone loss in 
GIOP patients. The beneficial effects observed on lumbar 
BMD were also found for hip BMD in the systematic review; 
1-year BP use increased BMD at hip level for approximately 

2.1% (95% CI 1.5–2.7) and was sustained after 1.5–2 years 
[54].

The goal of preserving and improving BMD in GIOP 
patients is to prevent incident fractures. This question was 
also covered in the systematic review by Allen and col-
leagues. In this analysis approximately 1300 GIOP patients 
were included to calculate the vertebral risk reduction of BP. 
It was found that the incidence rate was 44 per 1000 in the 
BP group compared to 77 per 1000 patients (RR 0.57 95% 
CI 0.35–0.91) in the control group [54]. This observation is 
confirmed in more recent observational studies in oral BP 
(i.e., alendronate, risedronate, and etidronate) treated GIOP 
patients, as it was observed that these oral BP were able 
to decrease the incidence rate of vertebral fractures with 
approximately 40% (HR 0.6 95% CI 0.5–0.7) [55].

Looking at the evidence of nonvertebral fracture risk 
reduction, the systematic review by Allen et al. observed 
no statistically significant beneficial effect of oral BP in 
fracture rate fall [54]. It is Important to mention that most 
studies included in this systematic review had a short fol-
low-up duration and the included studies were not designed 
and powered to detect fracture rate reduction. Interestingly, 
some more recent observational cohort studies with longer 
follow-up showed a decline in fracture rate (including both 
vertebral and nonvertebral fractures) [56, 57]. All these stud-
ies strongly support the beneficial effects of BP on fracture 
risk reduction.

Denosumab in GIOP

Another option for GIOP patients with moderate to high 
fracture risk is denosumab (DMAB). DMAB acts like BP 
as an anti-resorptive drug, and is a fully human monoclo-
nal antibody to an activator of osteoclastic differentiation 
and proliferation, soluble RANK-L. Some years ago, it 
was shown in a randomized controlled trial that DMAB 
subcutaneously was noninferior to risedronate in preserv-
ing BMD at lumbar spine in patients (n =  ~ 800) suffering 
from GIOP [58, 59]. In these studies, two subgroups were 
compared; the first group (glucocorticoid initiating patients) 
included patients who were receiving glucocorticoid ther-
apy (prednisone or its equivalent) at a dose of ≥ 7.5 mg 
for < 3 months, the other group patients (glucocorticoid 
continuing patients) were receiving ≥ 3 months (prednisone 
or its equivalent) at a dose of ≥ 7.5 mg. The glucocorticoid 
initiating patients included 290 patients and approximately 
89% of the patients were postmenopausal; the glucocorticoid 
continuing group included 505 patients and approximately 
85% of the patients were postmenopausal. In both groups 
GIOP patients were 1:1 randomized to either risedronate 
or denosumab. In this study it was clearly shown that after 
two years, the rise in BMD was larger in the DMAB group 
compared to the risedronate group in GIOP patients, who 
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recently started GC, + 3.1% and + 0.0% at total hip level 
and + 6.2% and + 1.7% at lumbar spine level, respectively. 
The same improvements in BMD were seen in patients who 
were longer on GC treatment (at least 3 months); + 2.9% at 
total hip level and + 6.4% at lumbar spine level in DMAB 
treated group and + 0.5% at total hip level and 3.2% at lum-
bar spine level in the risedronate group. This trial was not 
powered to detect fracture risk reduction and only looked 
from a safety point of view to fracture rate. No differences 
in fracture occurrence were observed in GC patients treated 
with DMAB or risedronate as in both groups the fracture 
rate was reported to be approximately 9%. From these stud-
ies it can be concluded that in GIOP patients denosumab has 
larger effects on BMD at all sites compared to risedronate, 
although no fall in fracture rate could be demonstrated.

Teriparatide in GIOP

In contrast to BP and DMAB, which are anti-resorptive 
drugs, teriparatide is an osteoanabolic drug. The daily pul-
satile subcutaneously injected synthetic form of parathor-
mone (PTH), teriparatide, stimulates osteoblast activity, and 
induces increases in BMD. Since inhibition of bone forma-
tion is a hallmark in the pathogenesis of GIOP, anabolic 
therapy seems an attractive therapy for GIOP therapy in 
fracture risk management. In a randomized controlled trial 
in approximately 430 GIOP patients teriparatide was com-
pared with alendronate with lumbar spine at BMD level as 
primary outcome. Approximately 80% of the patients were 
postmenopausal with a comparable mean age of 57.3 and 
56.1 in the alendronate and teriparatide group, respectively.

In this study, it was observed that the teriparatide group 
had significantly larger improvements in lumbar spine BMD 
than the alendronate group, + 7.2% and + 3.4% respectively 
[60]. The same effect was seen on hip BMD levels; + 3.8% in 
the teriparatide group and + 2.4% in the alendronate group. 
Moreover, a significant reduction in vertebral fracture rate 
was observed in the teriparatide group as compared to the 
alendronate group: 0.6% and 6.1%, respectively. In the exten-
sion study with 3 years follow up, the same vertebral fracture 
protection was observed in favor of teriparatide, but no ben-
eficial effect was seen on nonvertebral fractures compared to 
alendronate [61]. These observations are in line with obser-
vational studies in daily clinical practice that found a fall in 
vertebral fracture rate in teriparatide treated GIOP patients 
[62]. These studies clearly demonstrate that teriparatide 
treated subjects had significantly greater increases in spine 
and hip BMD compared with subjects receiving alendronate 
during 36 months of therapy. Therefore, beside the substan-
tial differences in cost price, teriparatide is another good 
option for high fracture risk GIOP patients.

Modern treatment of GIOP, how to optimize 
prevention of fractures in daily practice

The first step to optimize prevention of bone loss in GC-
treated patients is awareness and identification of patients 
at risk. Since GIOP is the most common form of secondary 
osteoporosis, it is a major health problem, and physicians 
should discuss the prevention of GC-induced osteoporotic 
fractures in all of their GC users, thus in many patients and 
particularly in the elderly. Unfortunately, undertreatment still 
occurs in many patients: in the GLOW study, a 5-year obser-
vational study of 60,393 postmenopausal women enrolled 
in 17 sites in ten countries in Europe, North America, and 
Australia, around 893 (2%) reported continuous use of glu-
cocorticoids over the past 2 or more years. In this large study 
in a real-life setting, calcium, and/or vitamin D were only 
prescribed in around 67% of patients, while anti-osteoporo-
tic drugs were prescribed in (only) 42% of patients [63]. In 
fact, this is remarkable, since a questionnaire by EULAR 
investigated which side effects of GC are the clinically most 
relevant: both for clinicians and for patients, osteoporotic 
fractures are among the top three of the most important 
reported side effects [64].

Adequate fracture risk estimation is after awareness and 
identification the second step. Fracture risk in GC-treated 
patients is dependent on the well-known classical risk fac-
tors for osteoporotic fractures, such as high advanced age, 
low BMI, familiar osteoporosis, which can be estimated with 
the FRAX score, but also on the severity of the underlying 
disease and the dosage of GC [65]. Thus, it is important to 
realize that preventive measures are particularly necessary in 
patients with a high FRAX score; thus, often in the elderly, 
but also in the early phase of therapy, when the activity of 
the underlying disease is high, and high dosages of GC are 
warranted, while usually later in the disease, the disease 
activity is under control and the dosages of GC lower.

Life style factors are an important cornerstone of the 
prevention of GC-induced fractures, and should start with 
lowering the dosage of GC as soon as possible to the low-
est possible dosage, and by the co-prescription of anti-
inflammatory drugs, such as azathioprine, methotrexate, 
and mycophenolate mofetil [66]. Calcium and vitamin D 
are crucial for building up strong bones in young individu-
als to build up their peak bone mass, but adequate calcium 
and vitamin D intake is also crucial in the elderly [67]. For 
GC-treated patients, calcium supplementation is even more 
necessary than in postmenopausal women, since GC lower 
the intestinal absorption of calcium and elevate the urinary 
excretion of calcium [66]. Thus, in GC-treated patients, the 
daily calcium intake should be above 1000–1200 mg per day 
[38], or even 1000–1500 mg per day [68]. Adequate vitamin 
D levels are also important in GC-treated patients, for several 
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reasons: vitamin D increases the intestinal calcium absorp-
tion, but it counteracts also GC-induced myopathy, and it 
might have an immunosuppressive effect [69]. A 25(OH) 
vitamin D level above 30 ng/ml is advised throughout the 
whole year which is particularly critical in the elderly. Exer-
cise therapy has a favorable effect on muscle strength and 
neuromuscular coordination, and as a consequence, lowers 
fall risk [70]. The use of nicotine and alcohol both have a 
negative effect on bone [71, 72], while alcohol might also 
increase fall risk.

In addition to life-style factors, anti-osteoporotic drug 
therapy is necessary in GC-treated patients: the oral bis-
phosphonates alendronate and risedronate are usually first 
choice, because of studies showing reductions in vertebral 
fractures in GC-treated patients, and the relative safety, low-
cost price, and the long-term experience with these drugs 
over more than 15 years [37, 38, 50, 73]. These oral bispho-
sphonates should be preferably prescribed in patients who 
tolerate it adequately throughout the whole period of GC-
treatment. After stopping the GCs, a risk calculation whether 
or not to continue anti-osteoporotic drugs should be made 
based on clinical risk factors without GC use, and a BMD 
measurement in combination with VFA. There is no consen-
sus what to do in patients who are on long-term treatment 
(e.g., 8–10 years) with GCs and oral bisphosphonates, since 
the risk of atypical femoral fractures, which is generally very 
low, is increasing in long-term bisphosphonate users [74].

However, for three drugs superiority above oral bispho-
sphonates have been documented: both zoledronic acid [7] 
and denosumab [59] have shown to induce a larger increase 
in BMD of both lumbar spine and hips than risedronate. No 
differences in fracture rates were observed, probably related 
to the active drug comparator (versus placebo) and lower 
number of patients in comparison to phase III trials in post-
menopausal women with these drugs. The third drug with 
proven superiority is teriparatide, which is theoretically a 
very attractive option, since it has an anabolic effect, while 
inhibition of bone formation plays a central role in the patho-
genesis of GC-induced osteoporosis [61, 62]. Indeed, teri-
paratide has a favorable effect on BMD versus alendronate 
in a direct comparison, but also reduces vertebral fractures 
[61]. We expect that the role of osteoanabolic drugs in GC 
users will increase, due to the introduction of biosimilars for 
teriparatide, which have a much lower cost price, the avail-
ability of abaloparatide, a daily subcutaneous parathyroid 
hormone-related protein analog, in some countries (but not 
in Europe) and because of the introduction of romosozumab, 
a powerful monoclonal antibody against sclerostin [59]. All 
three drugs have an anabolic window, which is theoreti-
cally attractive in GC-treated patients with inhibited bone 
formation.

Fracture reduction has been demonstrated for romo-
sozumab versus alendronate, an active comparator, but no 

data are available yet in GC-treated patients. Ronate, an 
active comparator, but no data is available yet in GC-treated 
patients. However, romosozumab is also associated with an 
increased risk of cardiovascular risk in the ARCH study, a 
study with romosozumab versus alendronate, but not in the 
FRAME study, romosozumab versus placebo [76, 77]. Thus, 
in GC users, the favorable effect on bone in patients at high 
risk for fractures, should be balanced against the cardiovas-
cular risk, which is also elevated in GC users.

In men, there is much less data available in GC users than 
in females. Men are often undertreated, probably because 
physicians hesitate to treat osteoporosis in men, probably 
due to a lack of awareness and because men have a lower 
life-time fracture risk; however, the risk of a second fracture 
is the same in women and in men [75]. Increases in BMD 
have been described for alendronate and risedronate versus 
placebo in male GC users. For teriparatide, an increase in 
BMD was found in comparison with risedronate, but favora-
ble effects were also shown in bone quality, measured by 
HRpQCT [78].

In GC-treated premenopausal women even less data is 
available; physicians try to avoid the prescription of drug 
treatment in (potentially) pregnant women. Because of the 
young age of premenopausal women, anti-osteoporotic drugs 
are often not necessary, but in some GC-treated premeno-
pausal women, a cascade of (vertebral) fractures may occur, 
and anti-osteoporotic drugs should be prescribed. Because of 
the long term maternal skeletal retention, which may affect 
later the fetal skeleton, bisphosphonates have a relatively 
contraindication in premenopausal women [79].

The third subgroup is elderly women, aged e.g., 80 + and 
over. Sometimes anti-osteoporotic drugs are not prescribed 
to them, because of assumptions such as “low bone mass 
is physiological”, or because of using multiple other drugs 
or because of an estimated low life expectancy. However, 
on the other hand, fracture risk is extremely high in elderly 
women with GC use and an underlying inflammatory dis-
ease, and thus a relative risk reduction of 50–75% of verte-
bral fractures corresponds with a large reduction in absolute 
risk. In addition, in postmenopausal women a reduction in 
fractures was already demonstrated 6 months after initiat-
ing alendronate [80]. In other words, the elderly individuals 
treated with GCs y are the preferred target group for anti-
osteoporotic drugs.

Although several schemes are available for GIOP patients 
around starting anti-osteoporotic drug treatment, the Work-
ing Group Osteoporosis of the Dutch Society of Rheumatol-
ogy, propose a new scheme, more or less in line with earlier 
schemes, but incorporating VFA [81] (see Fig. 2). Other new 
points are the incorporation of a new recent sentinel fracture 
(< 2 years) and a rule for stopping. As in other schemes, 
anti-osteoporotic drugs should be started independent from 
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DXA results in patients aged 40 years and over, treated with 
7.5 mg prednisone per day or more for at least 3 months, 
and 1 or more clinically relevant risk factor: postmenopausal 
status, a vertebral sentinel fracture in the scheme, and a rule 
for stopping. As in other schemes, anti-osteoporotic drugs 
should be started independent from DXA results in patients 
aged 40 years and over, treated with 7.5 mg prednisone per 
day or more for at least 3 months, and 1 or more clinically 
relevant risk factor: postmenopausal status, a vertebral frac-
ture (Genant grade 2 or more, > 25% height loss) or a recent 
(< 2 years) nonvertebral fracture. In patients above 40 years 
of age and treated with (only) 2.5 mg prednisone per day, the 
decision to start should be based on additional data: a low 
T score (< − 2.0), a prior vertebral fracture (Genant grade 2 
or more, > 25% height loss) [82, 83] or a high FRAX score 
(10 years hip-fracture risk > 3% and MOF > 15%) [48]. We 
suppose that the strength of the scheme is to categorize the 
patients in high and low risk, starting directly in high-risk 
patients, and only when additional risk factors can be doc-
umented in the low-risk group: a simple scheme, and the 
simplicity will probably facilitate the implementation [84].

There is nowadays some discussion about the order 
of prescription of anti-osteoporotic drugs in GC-treated 
patients: in many guidelines the oral bisphosphonates alen-
dronate and risedronate are first choice, but what is the 
position of denosumab, zoledronic acid and teriparatide? 
Usually, these drugs are regarded as second-line therapy in 

GC users. However, fracture risk might be very high in GC 
users, particularly in the elderly and in the early phase of GC 
treatment when disease activity is high. Thus, in our opinion, 
there are also arguments to prescribe these so-called second 
line drugs as initial therapy in high-risk patients, e.g., in the 
elderly, with a low BMI, a vertebral fracture and a relatively 
high dose GC [66]. Since there are no head-to-head studies, 
we do not have preferences between these three drugs.

Bone loss and fractures are among the most devastating side 
effects of long-term GC therapy. Despite available, effective 
preventive measures, many patients receiving GC therapy are 
not appropriately evaluated or treated, to preserve bone integ-
rity and to prevent fractures. Patients with GIOP should be 
treated as early as possible based on the bone mineral density 
and risk factors. FRAX algorithm provides a 10-year prob-
ability of fractures that can be adjusted according to GC dose. 
Available anti-osteoporotic agents, such as denosumab, bis-
phosphonates, and teriparatide are effective in the management 
of GIOP. General measurements, such as physical activity, 
calcium intake, and adequate levels of Vitamin D should be 
assured. Medical education must be highlighting the need of 
detection, prevention, and treatment of patients receiving GC 
for more than 3 months and doses higher than 5 to 7.5 mg of 
prednisone or equivalent.

Funding No funds, grants, or other support was received.

Fig. 2  Scheme of management of glucocorticoid-induced osteoporosis.  Adapted from reference [75]
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